To assess the inter-device agreement of peripapillary retinal nerve fiber layer (RNFL) thickness measurements by 2 spectral domain Cirrus HD optical coherence tomography (OCT) devices in healthy Korean subjects. Methods: Eleven eyes of 11 healthy volunteers were enrolled in the present study. Each eye was scanned with the Optic Disc Cube 200 × 200 scan of 2 Cirrus HD OCT devices for peripapillary RNFL thickness calculation. The inter-device agreements of the 2 Cirrus HD OCTs for average, quadrant, and clock-hour RNFL thickness values were determined with Wilcoxon signed rank test, Friedman test, Cronbach's alpha (α), intraclass correlation coefficient (ICC), coefficient of variation (COV), and Bland-Altman plot. Results: The mean age of the participants was 25.82 ± 3.28 years and all had a 0.00 logarithm of the minimum angle of resolution of best-corrected visual acuity. The signal strengths of scans from the 2 Cirrus HD OCT were not significantly different (p = 0.317). The inter-device agreement of average RNFL thickness was excellent (α, 0.940; ICC, 0.945; COV, 2.45 ± 1.52%). However, the agreement of nasal quadrant RNFL thickness was not very good (α, 0.715; ICC, 0.716; COV, 5.72 ± 4.64%). Additionally, on the Bland-Atman plot, the extent of agreement of the 2 Cirrus HD OCTs for RNFL thickness was variable according to scanned sectors.
Since the optical coherence tomography (OCT) was introduced for use in glaucoma [1, 2] , the measurement of peripapillary retinal nerve fiber layer (RNFL) thickness has played a crucial role for diagnosis of glaucoma and judgment of the disease progression [3, 4] . Recently, a spectral domain OCT was newly developed and commercialized. Compared to the time domain OCT, the spectral domain OCT takes a real-time cube scan with ultrahigh axial resolution (approximately 5 μm) and may be more useful for peripapillary RNFL thickness measurement [5] [6] [7] .
Inter-device agreement is very important for any type of medical instrument. Ideally, all machines of the same OCT model with the same version of software should produce the same measurement values when consecutively measuring the same eye at the same place by the same operator. For any new ophthalmologic instrument, its inter-device agreement should be confirmed before being widely used.
Regarding time domain OCT, there are several reports dealing with the inter-device agreement for peripapillary RNFL thickness measurement [8, 9] . However, regarding spectral domain OCT, no report currently exists in the literature. Therefore, in the present study, the inter-device agreements of 2 spectral domain Cirrus HD OCT (Carl Zeiss Meditec, Dublin, CA, USA) devices were assessed for peripapillary RNFL thickness measurements in healthy Korean eyes. 
Materials and Methods

Subjects
The study protocol adhered to the tenets of the Declaration of Helsinki and obtained the approval of the Institutional Review Board. A total of 11 healthy Korean volunteers were enrolled in the present study. After comprehensive ophthalmologic examination, only 1 eye of each subject was randomly selected if both eyes satisfied entry criteria. The inclusion criteria were as follows: 1) age between 20 and 40 years, 2) intraocular pressure less than 21 mmHg, 3) best-corrected visual acuity of 20 / 25 or better, 4) spherical refractive errors between -5 and +5 diopters and cylindrical refractive errors between -3 and +3 diopters, 5) no distinctive changes of optic nerve head and RNFL appearance, 6) no visual field loss on standard automated perimetry, and 7) no history of ocular disease or trauma.
Measurements
Each studied eye was scanned with Optic Disc Cube 200 × 200 scan of 2 different Cirrus HD OCT devices (Model 4000, software version 3.0.0.64) without pupil dilation. The OCT devices were accurately calibrated by the manufacturer. All measurements were consecutively taken by the same operator within 5 minutes. Average, quadrant, and clock-hour peripapillary RNFL thicknesses were obtained from the 2 OCT devices and compared. Scans with blinks or with low signal strength less than 6 were excluded from the analysis.
Statistical analysis
The inter-device agreement of the 2 Cirrus HD OCTs for the peripapillary RNFL thickness measurement was determined with Wilcoxon signed rank test, Friedman test, Cronbach's alpha (α), intraclass correlation coefficient (ICC), coefficient of variation (COV), and Bland-Altman plot. Bland-Altman plots were constructed using the MedCalc ver. 9.6.4.0 (MedCalc Software, Mariakerke, Belgium) and other statistics were performed using the SPSS ver. 12.0.1 (SPSS Inc., Chicago, IL, USA).
Results
Characteristics of all 11 participants are demonstrated in Table 1 . The mean age was 25.82 ± 3.28 years (range, 21 to 34 years), mean intraocular pressure was 12.55 ± 3.08 mmHg (range, 9 to 19 mmHg), and all subjects had 0.00 logarithm of the minimum angle of resolution of best-corrected visual acuity.
Average, quadrant and clock-hour peripapillary RNFL thicknesses measured by the 2 Cirrus HD OCT devices are shown in Table 2 . The average RNFL thickness of the 2 OCTs was very similar (p = 0.919). However, the quadrant and clock-hour RNFL thicknesses appeared to be somewhat different although the extent of difference was not statistically significant. Regarding signal strengths, the scans by the 2 OCTs were not different (p = 0.317, Wilcoxon signed rank test).
Data regarding the agreement analyses are shown in Table  3 and Fig. 1 . For average RNFL thickness, the inter-device agreement of the 2 Cirrus HD OCT was excellent; the α -value was 0.940, the ICC was 0.945, and the COV was 2.45 ± 1.52%. Even on the Bland-Atman plot, the mean difference was only 0.1 μm (Fig. 1A) . However, for quadrant and clock-hour RNFL thicknesses, the agreement was variable according to scanned sectors. For example, for the 4 o'clock area of the right eye / 8 o'clock area of left eye, the α-value was 0.582, the ICC was 0.601, and the COV reached 10.50 ± 7.90%.
Discussion
Selective loss of retinal ganglion cells and progressive thinning of RNFL thickness are characteristics of glaucoma. After development of various ocular imaging devices such as OCT and scanning laser polarimetry, the measurement of peripapillary RNFL thickness has become helpful for diagnosis of glaucoma and judgment of the disease progression [3, 4] .
Because glaucoma is a life-long disease, the longitudinal data of any test is very important for each patient. Thus, before generally using any new instrument, the physicians should confirm its inter-device agreement as well as reproducibility. In the present study, the inter-device agreement of 2 spectral domain OCT devices with the same model and software for peripapillary RNFL thickness measurements was assessed. Two Cirrus HD OCTs of the same model with the same version of software were used. The same eyes were consecutively scanned at the same place by the same examiner. However, as a result, the RNFL thickness values showed some variability according to scanned sectors.
Cronbach's α is generally used as a measure of the consistency of items and increases when the correlations between the items increase. The α-value has basically a similar meaning with ICC, but is influenced by the number of items due to its definition [10] . Because the present study included a small number of subjects and only 2 different devices, the authors attempted to confirm the inter-device agreement not only with ICC but also with the α value. As a result, the α-values and ICCs were not too different and the present small pilot study may have significant relevance. Even though the inter-device agreement data of spectral domain OCT was not directly compared with the time domain OCT, the tendency of the present study's data appears to be similar with previous reports [8, 9] . The inter-device agreement for average RNFL thickness was excellent, but was variable according to detailed scanned sectors, and especially poor in the nasal area.
A B C D E
In summary, because the inter-device agreement of spectral domain OCT for peripapillary RNFL thickness measurement was variable according to scanned areas, physicians should consider this fact before directly comparing the RNFL thickness values measured by different OCTs.
